Airborne coherent radar observations of ice fields conducted in the last 4 years are prese_nted and discussed. These observations contain radar imagery of glaciers in southeast Alaska, imagery of coastal and sea ice in northern Alaska and the Beaufort Sea, and sounding of layered continental ice in Greenland.
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The resolution achievable in these regions of the spectrum can be very small (in the range of a few meters) even from spacecraft altitudes. In the microwave region the resolution is drastically degraded because of the longer wavelength. The aperture size could be increased within reasonable limits; however, a high imaging resolution with microwaves can be achieved only from relatively low flying aircrafts. radar synthetic aperture technique circumvents this limitation by using the platform (aircraft or spacecraft) motion to generate an effective aperture far larger than the real aperture.
As a matter of fact, the theoretical resolution achievable is independent of the height. For more details see Harger [1970] and Rihafzek [1969] . Most imaging radars operate in the centimeterregion and at grazing incidence angles. However, the imagery presented in this paper was collected with a 25-cm radar operating at nearvertical incidence. The brightness in the radar image is proportional to the local radar backscatter cross section, which in turn is related to the surface roughness, slope distribution, and dielectric constant [Barrick, 1968 The cause of the-radar reflection is a discontinuity in the dielectric constant; however, the reason for this discontinuity is not known at this time. An interesting observation is that in some areas 'finger rafting' seems to occur, leading to the speculative suggestion of relative transverse motion of different layers.
It should be emphasized that the VHF sounder used in our experiment is a synthetic aperture radar that provides. The interpretation of radar ice imagery is still in its infancy. Some work has been conducted recently toward this objective (Raytheon Company) [Bradic, 1967] , and it seems that general criteria for the identification of ice types can be generated.
However, more comparative work is still needed. Sea ice. In Figures 6 and 7 we show radar and photo imagery of two areas in the Beaufort Sea. A large number of features can be seen on both images; however, the radar imagery seems to be better in detecting and mapping pressure ridges and delineating ice flows. It appears that the radar visibility of a ridge is enhanced because the radio wave penetrates the drifting snow that tends to hide the ridge in photographs. It may also be possible that the radar waves are reflected from broken ice (scatterers) buried in the ridge system. In fact, the ridge width appears to be of the order of 100-200 m on radar imagery. This is an order of magnitude larger than surface ridges seen on the photograph.
On the other hand, photo imagery seems to be better in the detection of leads. However, other experimenters have mapped leads by using near-grazing [Johnson and Farmer, 1971 ] K u band imaging radars.
CONCLUSION
In this paper we presented a small sample of radar imagery of glaciers, sea ice, and coastal ice fields and sounding data of continental ice collected with airborne synthetic aperture radars. Our understanding of the radar imagery of ice and its comparative interpretation is still relatively new, and more work is definitely needed. However, the imaging/sounding radar seems to have significant potential as a remote sensor in the field of glaciology and polar ice study. It is an all-weather all-time system, and the presence of cloud cover, which is common in the polar areas, has no effect at all on the radar performance (some of the imagery presented in this paper was taken during complete cloud coverage). Another factor is that the altitude of the platform has little effect on the image resolution. Thus similar imagery, but with a much wider swath width, can be obtained from orbiting spacecraft and will provide a far greater polar region coverage.
In many cases the radar shows most of the features seen in a photograph. Thus both systems can be considered as complementary because the radar would extend the imaging capability to the whole year regardless of cloud cover. This is important in the study of the dynamics of glaciers and ice covers. On the other hand, the radar sounder is basically the only system that can prob$ large areas in a reasonable amount of time, and thus it can be used simultaneously with local direct sounding.
Finally, it should be mentioned that the imaging and/or sounding radar system has unique remote sensing capabilities for planetary exploration as well as for earth studies. dust. An orbiting radar sounder would be a powerful technique for mapping this layering.
